Experience with stress situations during early development can have long-lasting effects on stress and anxiety related behaviors. Importantly, this can also favor drug self-administration. These studies examined the effects of chronic social isolation and/or variable stress experiences during early development on subsequent voluntary ethanol intake in adult male and female C57BL/6J mice. The experiments were conducted to evaluate the effect of chronic isolation between weaning and adulthood (Experiment 1), chronic isolation during adulthood (Experiment 2) and chronic variable stress alone or in combination with chronic social isolation between weaning and adulthood (Experiment 3) on subsequent voluntary ethanol intake. Mice were born in our facility and were separated into two housing conditions: isolate-housed (1 mouse/cage) or group-housed (4 mice/cage), according to sex. Separate groups were isolated for 40 days starting either at time of weaning postnatal day 21 (PD 21) (early isolation, Experiments 1 and 3) or at adulthood (PD 60: late isolation, Experiment 2). The effects of housing condition on subsequent ethanol intake were assessed starting at around PD 65 in Experiments 1 and 3 or PD 105 days in Experiment 2. In Experiment 3, starting at PD 32, isolate-housed and group-housed mice were either subjected to chronic variable stress (CVS) or left undisturbed. CVS groups experienced random presentations of mild stressors for 14 days, including exposure to an unfamiliar open field, restraint, physical shaking, and forced swim, among others. All mice were tested for ethanol intake for 14 days using a 2-bottle choice (ethanol 15 % v/v vs. water) 2-hr limited access procedure. Early social isolation resulted in greater ethanol intake in comparison to the corresponding group-housed mice (Experiment 1). In contrast, social isolation during adulthood (late isolation) did not increase subsequent ethanol intake compared to the corresponding group-housed mice (Experiment 2). For mice that did not experience CVS, early social isolation resulted in greater ethanol intake compared to group-housed mice (Experiment 3). CVS subsequently resulted in a significant increase in ethanol intake in group-housed mice, but CVS failed to further increase ethanol intake in mice that experienced chronic social isolation early in life (Experiment 3). Overall, female mice consumed more ethanol than males, whether isolated (early or late) or group housed. These results indicate that early, but not late social isolation can subsequently influence ethanol consumption in C57BL/6J mice. Thus, the developmental timing of chronic social isolation appears to be an important factor in defining later effects on ethanol self-administration behavior. In addition,
Introduction
Many studies have reported that exposure to stressful situations early during development is a significant risk factor for future excessive alcohol (ethanol) consumption, thereby increasing the risk for dependence and alcoholism (Enoch, 2006; Schuckit and Hesselbrock, 2004; Uhart and Wand, 2009) . Retrospective studies conducted with adult subjects have indicated a high correlation between adverse, stressful events early in life and ethanol drinking, especially initiation of ethanol intake during early or mid-adolescence (Dube et al., 2006) . Longitudinal studies in which adolescents with a history of maltreatment were monitored for 2 years have also confirmed that childhood trauma is a potent predictor of early ethanol use (Kaufman et al., 2007) .
Adolescence is a critical developmental period in which many physiological and neurobiological changes occur as an individual transitions into adulthood (Spear, 2000; Spear, 2004) . Studies examining the effects of stressors during adolescence on later ethanol drinking are of importance because adolescence is a developmental period often characterized as stressful, with many individuals also experimenting with alcohol during this ontogenetic phase (Crews et al., 2007) . While adolescence is often thought of as a unique period of development in humans, it has been shown that other species such as rodents and non-human primates undergo a similar ontogenetic transition from dependence to independence that includes a variety of neural, hormonal, and behavioral changes (Spear, 2000; Spear, 2004) . Among rodents, adolescence is broadly defined as the period between weaning and 60 days of age (Spear, 2000) .
Several animal models have been employed to better understand the relationship between stress and ethanol intake and to analyze the effects of stressful experiences early in life on future ethanol intake (Sillaber and Henniger, 2004) . In particular, rodents have been widely used to evaluate developmental changes in fear-and stress-related behaviors, with chronic stress during early developmental periods inducing many behavioral changes including altered anxiety responses, locomotor activity, and aggressive behaviors (Hefner and Holmes, 2007; McCormick et al., 2007; Spear, 2000; Spear, 2004) . Social isolation is a stressor that has been employed during early development to examine potential long-lasting effects on behavioral and biological responses to stress in rats (Hall et al., 1998a; and mice (Avitsur et al., 2003; Gariépy et al., 1995; Guo et al., 2004; Zhu et al., 2006) . This chronic stress situation has, indeed, been shown to have long-lasting effects on various behavioral and neural functions (Lapiz et al., 2003; Weiss et al., 2004) . More directly related to the present studies, chronic social isolation early in ontogeny has been shown to alter response to several drugs of abuse in rats (Gordon, 2002; Kabbaj et al., 2002; McCormick et al., 2004) , with some studies reporting increased drug self-administration later in life (Bardo et al., 2001; Ding et al., 2005; Howes et al., 2000) . Other studies have been conducted to evaluate the impact of chronic stress early in development on voluntary ethanol intake later in life. Specifically, it has been shown that chronic social isolation during adolescence leads to higher ethanol self-administration in adulthood using different strains of rats (Hall et al., 1998b; Juárez and Vázquez-Cortés, 2003; Mccool and Chappell, 2009) , as well as lines of rats selectively bred for high ethanol preference (Ehlers et al., 2007) .
While several studies have examined the effects of stress exposure during adolescence on subsequent ethanol consumption in rats, few studies have examined the impact of chronic social isolation during adolescence using mice. To our knowledge, only two studies have attempted to address this issue. In one study, C57BL/10 and DBA1 mice were forced to consume a liquid diet containing ethanol for 14 days starting on postnatal day 30. In this study, isolate-housed mice consumed more ethanol than group-housed controls, with significantly greater mortality observed among socially isolated mice drinking the ethanolcontaining liquid diet in comparison to isolated mice drinking a control liquid diet (Yanai and Ginsburg, 1976) . In a more recent study that examined voluntary ethanol consumption, socially isolated male adolescent C57BL/6J mice increased their ethanol intake in adulthood when compared to socially (group) housed controls using a continuous-access two-bottle preference test [i.e., mice were allowed free-access to ethanol and water for 24 hr periods starting at postnatal day 60] (Advani et al., 2007) .
The studies presented here were intended to further evaluate the effect of chronic social isolation during adolescence on later voluntary ethanol intake in C57BL/6J mice. Specifically, using a 2-bottle choice (ethanol vs. water) limited access procedure, ethanol intake in adult mice that received long-term social isolation either early in development (from weaning) (Experiment 1) or in adulthood (Experiment 2) was examined. Importantly, several studies have demonstrated that mice drinking in this limited access procedure achieve blood and brain ethanol concentrations that are physiologically relevant and correlate positively with the amount of ethanol intake recorded (Becker and Lopez, 2004; Grahame and Grose, 2003; Griffin et al., 2009 ).
Another goal of the current experimental series was to investigate the effect of chronic variable stress (CVS) exposure during adolescence on later voluntary ethanol intake. Similar to chronic social isolation, prior studies have shown that experience with chronic variable and unpredictable stress has long lasting effects on HPA axis regulation and future response to stress Jankord and Herman, 2008; Ostrander et al., 2009) . More importantly, studies conducted with rats have shown that experience with chronic variable stress affects later responsiveness to drugs of abuse such as cocaine (Lepsch et al., 2005) , morphine (Molina et al., 1994) and amphetamine (Kabbaj et al., 2002; Lin et al., 2002) . To our knowledge, however, the effect of chronic variable stress during adolescence on voluntary ethanol consumption later in adulthood has not yet been studied. Therefore, in Experiment 3, adolescent mice were exposed to chronic variable (and unpredictable) stress alone or in combination with social isolation and voluntary ethanol consumption during adulthood was later examined. It was predicted that both chronic stress conditions (social isolation and variable stress) administered during adolescence would induce higher levels of ethanol intake during adulthood, with the combination of these two stressors interacting to produce even greater levels of intake than either stressor alone.
Materials and Methods

Animals
Adult male and female C57BL/6 mice purchased from Jackson Laboratories (Bar Harbor, ME) were used to create a breeding colony. Two weeks after arrival to our animal facility, breeding pairs of mice were established. Mice had free access to food (Harland Teklad, Madison, WI) and water throughout all phases of the experiments except during the brief periods of stress exposure in Experiment 3. Mice were housed in a temperature and humidity-controlled animal facility under a 12-hr light/dark cycle (lights on at 0200 hr).
Husbandry was conducted once a week. Body weights of mice were recorded weekly. Once females had become noticeably pregnant, males were removed from the cage. At that point, cages were checked daily for pups. The day that pups were delivered was designated postnatal day 0 (PND-0). Litter size ranged from 4 to 7 pups. For each experiment mice were born within a 7-days period. All animals used in these experiments were weaned at PND-21. Sex was verified upon weaning, at which time mice were assigned to a particular experimental group. The number of mice assigned to each experimental group is indicated in Table 1 . All experimental protocols were approved by the Institutional Animal Care and Use Committee at the Medical University of South Carolina in accordance with the guidelines of the NIH Guide for the Care and Use of Laboratory Animals (NIH Publication No. 80-23, revised 1996) .
Experimental Design
Experiment 1: Effect of early chronic social isolation on later ethanol intakeThe experiment was based on two factors, Sex (male and female) and Housing condition (isolate-or group-housed). At weaning, mice were weighed and housed in groups (4 per cage) according to sex, or individually housed. In this, and in all subsequent experiments, precautions were taken to avoid having more than two mice from the same litter represented in a given experimental group. Moreover, mice from different litters were combined for group-housed conditions. Approximately forty days later (PND 60-65), all mice were housed individually, with daily ethanol intake then assessed 3 days later using a limited access procedure (described below). Ethanol intake was measured for 14 days. Immediately after the final intake test day in Experiment 1, blood samples (40 μl) were collected from the retro-orbital sinus using a heparinized capillary tube. Plasma was separated by centrifugation and the ethanol concentration was measured using an Analox Instrument analyzer (Lunenburg, MA).
Experiment 2: Effect of late chronic social isolation on subsequent ethanol intake-This experiment was also based on two factors; Sex (male and female) and Housing condition (isolate-and group-housed). At weaning, mice were group-housed (4 per cage) according to sex. At PND-60, half of the mice were separated and housed individually for 40-45 days. After this period of social isolation, all mice were individually housed and three days later, mice were given access to ethanol in their home cage. A limited access procedure (described below) was used to record ethanol intake for 14 days.
Experiment 3: Effect of early chronic social isolation and chronic variable stress on later ethanol intake-The experiment was defined by three factors; Sex (male and female), Housing condition (isolate-and group-housed), and Stress (chronic variable stress (CVS) or no stress). At weaning half of the mice were group housed (4 per cage) according to sex while the remaining mice were singly housed. Mice were quasirandomly assigned to each experimental group, such that no more than two mice from the same litter were placed in a given experimental group. Starting at PND-35, half of the isolate-housed and half of the group-housed mice were subjected to CVS as described below. CVS exposure was administered during 14 consecutive days. The remaining isolatehoused and group-housed mice were left undisturbed during this period of time. At PND-60-65 all mice were individually housed and three days later tested for voluntary ethanol intake using a limited access procedure for 14 days.
Procedures
Limited Access Ethanol Drinking-At 30 min before the beginning of the dark cycle (1330 hr), water bottles were removed from the home cage and replaced with two 15-ml graduated tubes that contained either a 15% (v/v) ethanol solution or water. After a 2-hr access period, the graduated tubes were removed and replaced with the original water bottles. Position of the ethanol and water tubes was alternated on a daily basis. The amount consumed was recorded daily (± 0.1 ml), and body weights were recorded each week. Solutions were presented at room temperature and were prepared fresh each day by mixing ethanol (95%) with deionized water. Throughout all of the experiments, mice were neither food nor water deprived.
Chronic Variable Stress-Subjects that received chronic variable stress were moved to a different room at PND-32 so that the remaining (no-stress) groups of mice were not disturbed. Chronic variable stress began on PND-35 and was administered according to a randomized schedule for 14 days using different stressors or different length of exposure to the same stressor. Stressors were scheduled such that mice received a stress session in the morning and a different stressor in the afternoon with the exception of continuous light cycle for 36 hours. Mice in the group-housed condition were exposed to the same stress procedure within each cage. Stress procedures were selected based on studies previously conducted with rats (Cullinan and Wolfe, 2000; Ostrander et al., 2006) and included: Swim: mice were forced to swim in water (24-26° C) for 5 or 10 min; Cold swim: mice were forced to swim in cold water (19-20° C) for 5 or 7 min; Movement/Vibration: mice were placed in a standard mouse cage situated on a platform that either constantly rocked, tilted, or vibrated for 5 or 10 min; Open field: mice were placed in an unfamiliar open field arena for 5 or 10 min; Open field with novel object: mice were placed in an open field with an unfamiliar object (plastic bottle lid placed in the center of the floor) for either 5 or 10 min; IP injection: animals were punctured with a 26G 3/8 needle attached to an empty 1cc syringe (no fluid was delivered); Continuous light cycle: lights remained on for 36 continuous hrs; White noise: mice were exposed to white noise (75 dB) in a separate room for 30 min; Slanted wire floor: mice were placed in a cage with an angled grid floor (25°) for 15 or 30 min; and Restraint: animals were placed in plastic restraint holders for 25 min.
At PND-50, all chronically stressed mice were returned to the colony room where the nonstressed mice were housed. At PND-60 all animals were individually housed and three days later daily ethanol intake was examined as described above.
Data analyses
Ethanol intake (mls and g/kg), body weight (grams) and water intake (mls) served as dependent variables in these studies. Data were analyzed using between-within factorial Analyses of Variance (ANOVA). Details about each factorial analysis are presented in the results section for each experiment. Whenever a factor or interaction of factors yielded a significant effect in the overall ANOVA, further analysis was conducted in separate two-or one-way ANOVA followed by pair-wise post-hoc comparisons with Bonferroni corrections.
Results
Experiment 1: Effect of early chronic social isolation on subsequent ethanol intake
Body weights recorded at the beginning of the ethanol intake testing period indicated that although males were heavier than females [F(1,42)= 124.55, p< 0.001], chronic social isolation during adolescence did not significantly affect body weight at adulthood (Table 1) .
For analysis of ethanol intake, ANOVA was conducted with Sex (male, female) and Housing (isolate-, group-housed) as between factors and Days as a repeated measure. Results indicated that overall, ethanol intake was significantly greater in females compared to males [F(1,42) [F(13,286) = 3.11, p< 0.001] followed by post-hoc analyses revealed that adult mice socially isolated during adolescence consumed more ethanol than group-housed mice on all days of the test period except days 4, 12 and 13 ( Figure 1A) . Analysis of females also indicated a significant main effect of Housing [F(1,20)= 6.22, p< 0.025] and a significant Housing × Days interaction [F(13,260)= 3.99, p< 0.025]. Post-hoc analyses indicated that, while isolate-housed female mice consumed more ethanol than group-housed mice, this difference was significant only during test days 1, 8 and 10 ( Figure 1B) . The analysis of ethanol intake in ml showed almost identical results that the analysis of ethanol intake in g/kg. Analysis of ethanol intake in ml indicated a significant main effect of Housing [F(1,42) Blood ethanol concentrations (BEC) recorded at the end of the experiment (following the last limited access drinking session) were in a range suggesting that intake was physiologically relevant for both males (136.10 ± 17.53 mg/dl) and females (116.50 ± 15.88 mg/dl) (values are mean ± s.e.m. collapsed across housing conditions). Analysis of BEC values indicated no significant differences related to housing condition. Additionally, analysis indicated that BEC registered immediately after the 2-hr drinking session was significantly correlated with the amount of ethanol (g/kg) consumed (r 2 = 0.35 for males and r 2 = 0.61 for females, both p< 0.05).
Experiment 2: Effect of late chronic social isolation on subsequent ethanol intake
Body weight recorded at the beginning of the intake test revealed that, while males were heavier than females [F(1,36)= 148.43, p< 0.001], chronic social isolation during adulthood did not alter subsequent weight gain compared to group-housed controls ( Table 1) .
Analysis of ethanol intake indicated a significant main effect of Sex, with females drinking more ethanol than males [F(1,36)= 7.57, p< 0.01]. While there was only a strong trend for housing condition to influence drinking [F(1,36)= 3.77, p= 0.06], the two-way interaction between Housing and Days was significant [F(13,468)= 1.80, p< 0.05].
Separate two-way ANOVAs were conducted for each sex. For males, ANOVA indicated only a significant main effect of Days [F(13,234)= 4.23, p< 0.001], with no significant main effect or interactions involving Housing (Figure 2A ). Analysis of female data indicated a significant main effect of Days [F(13,234)= 7.92, p< 0.025], as well as the Housing × Days interaction [F(13,234)= 2.18, p<0.025]. Post-hoc comparisons based on the two-way interaction indicated that group-housed female mice consumed significantly more ethanol than isolate-housed mice on days 6, 8, and 10 of the testing period ( Figure 2B ). Analyses of ethanol intake in ml showed a similar profile of results to those of ethanol intake. Only a significant main effect of days was observed [F(13,468)=12.62, p<0.001] related to some daily overall variations on ethanol intake. However, the analysis failed to show significant differences in intake between males and females [F(1,36)=0.03, p=0.86] (data not shown). Analysis of water intake showed no effects of chronic isolation in males and females [F(1,36)=0.54, p=0.47] (data not shown).
Experiment 3: Effect of early chronic social isolation alone and in combination with chronic variable stress on subsequent ethanol intake
Analysis of body weight registered at the beginning of ethanol intake testing indicated that, overall, males were heavier than females [F(1,69)= 15.71, p< 0.001]. Exposure to chronic social isolation, CVS, or the combination of these stressors during adolescence, however, did not significantly affect adult body weight.
The effects of social isolation and CVS alone or administered in combination during adolescence on later adult ethanol drinking was analyzed by ANOVA, with Sex, Housing interactions were observed. Post-hoc analyses indicated that, similar to Experiment 1, chronic social isolation (without CVS) induced higher voluntary ethanol intake during the first 3 days of testing compared to group-housed (non-stressed) males. Additionally, CVS alone (in male mice that were group-housed) during adolescence resulted in significantly greater ethanol intake on days 1, 3, 11, 12, and 13 compared to non-stressed group-housed controls. Furthermore, male mice that received a combination of social isolation and CVS treatment during adolescence consumed significantly more ethanol than group-housed controls during days 1, 4, 7, and 11 of testing. Ethanol intake among these same male mice, however, was not significantly different from mice that experienced chronic social isolation alone (Figure 3 ). For females, ANOVA indicated a significant main effect of Housing [F(1,38)= 4.76, p< 0.05] and Days [F(13,494)= 15.86, p< 0.001] as well as a significant interaction between these factors [F(13,494)= 3.43, p< 0.001], but failed to show a significant effect of CVS. Post-hoc analyses indicated that, similar to Experiment 1, females that experienced chronic social isolation during adolescence consumed significantly more than group-housed controls during days, 1, 3, 5, 6, 7, 8, and 9, regardless of stressor condition (Figure 3) . 
Discussion
Results from these studies indicate that social isolation during the adolescent period significantly affected voluntary ethanol intake later in adulthood. Male and female C57BL/ 6J mice housed in isolation for 40 days after weaning (encompassing the broad period of adolescence in mice) consumed significantly more ethanol than mice group-housed during the same developmental period (Experiment 1). However, when the social isolation treatment was administered for the same duration during adulthood, subsequent ethanol intake was not altered relative to consumption in the corresponding group-housed controls (Experiment 2). Furthermore, Experiment 3 showed that chronic variable stress exposure during adolescence also was effective in later inducing increased ethanol intake, with the combination of social isolation and chronic variable stress not resulting in intake levels significantly greater than when mice were exposed to either stressor alone.
The present results are in agreement with other studies showing that social isolation early in ontogeny (i.e., starting at the time of weaning) can impact later ethanol intake. Specifically, several studies have demonstrated that long-term isolate-housing at weaning increases later consumption of ethanol in rats (Hall et al., 1998b; Schenk et al., 1990) or mice (Advani et al., 2007) . These results also are in agreement with other studies employing various stressors during early development. For instance, maternal separation or early weaning procedures have been reported to produce similar increases in ethanol consumption in rats (Fahlke et al., 1997; Huot et al., 2001; Lancaster, 1998; Rockman et al., 1988; Roman et al., 2005) , and mice (Advani et al., 2007; Cruz et al., 2008) . In another study, 10 daily exposures to footshock stress during adolescence in mice genetically selected for their high preference for ethanol (HAP mice) resulted in augmented anxiety-related behavior as well as elevated ethanol intake during adulthood (Chester et al., 2008) . Collectively, these studies corroborate the present findings that indicate social isolation and CVS during adolescence produces increased ethanol consumption later in adulthood.
Results from Experiment 1 demonstrated that chronic social isolation (40 days) beginning at weaning resulted in elevated ethanol intake for males and females. In Experiment 2, however, the same duration of social isolation starting at young adulthood (PND-60-65) did not significantly influence voluntary ethanol intake later in life in males, with a mild, yet significant reduction in intake for females. To our knowledge, there are no previous reports of reduced ethanol intake in adult females after chronic social isolation. It is interesting that the effect of chronic social isolation during adolescence has an opposite effect than during adulthood. It remains to be evaluated whether after full maturity the effects of social isolation can be different for male and female mice. This is an issue that deserves further consideration. In both cases, assessment of ethanol drinking was determined following an equivalent interval of time after the isolation manipulation. Thus, the effect of chronic social isolation on ethanol consumption appears to depend on the developmental period in which the stress is experienced. This result is in agreement with another study in rats showing that chronic social isolation during the adolescent period, but not during adulthood, produced increased ethanol intake (Schenk et al., 1990) . Several other reports have demonstrated that long-term isolation beginning at weaning or adolescence results in significant increases in ethanol intake in rats (Deehan et al., 2007; Hall et al., 1998b; Mccool and Chappell, 2009; Wolffgramm and Heyne, 1991) and mice (Juárez and Vázquez-Cortés, 2003) , although most studies have not included a group in which isolation was initiated during adulthood and these results are not consistent (Lodge and Lawrence, 2003; Rockman et al., 1988) .
Previous studies examining the impact of isolate-housing during adulthood on ethanol consumption have produced mixed results. For example, some studies have shown that longterm social isolation decreases intake (Sprague and Maickel, 1994) . In contrast, other studies using rats have shown that a period of long-term social isolation results in an increase in ethanol consumption (Nash and Maickel, 1988; Winkler et al., 1995; Wolffgramm and Heyne, 1991) . Studies conducted with Wistar rats isolated during adulthood also have reported disparate results depending on the duration of the isolation period and age of the rats (Wolffgramm, 1990; Yoshimoto et al., 2003) . Furthermore, an important influence of genetics has been demonstrated in a study where chronic social isolation during adulthood for 90 days resulted in elevated ethanol intake in rats selectively bred for high ethanol preference (P rats) but not in lines selected for low ethanol preference (NP rats) (Ehlers et al., 2007) . Taken together, these results indicate that numerous variables including procedural differences, as well as genetic (strain) differences, may account for disparate results in effects of social isolation during adulthood on ethanol intake across studies. Also, the discrepancy in results from Experiment 2 in the present study and results obtained in prior studies with adult rats may relate to differences in the impact of social isolation across species. Rats may be more sensitive to chronic social isolation during adulthood than mice and, hence, the impact of this stress manipulation on ethanol intake may be different (Krohn et al., 2006; Miczek et al., 2008) .
Results obtained in Experiment 3 replicated findings from Experiment 1, indicating that chronic social isolation during adolescence (between weaning and early adulthood) significantly increases voluntary ethanol intake. Additionally, group-housed mice that experienced fourteen days of CVS during adolescence also showed elevated voluntary ethanol intake in adulthood. CVS has been extensively studied in adult rat models and has been demonstrated to produce long-lasting effects on stress axis function, as well as the behavioral response to stress and drug challenges (Isgor et al., 2004; Jankord and Herman, 2008; Molina et al., 1994; Ostrander et al., 2006; Zurita et al., 2000) . Of relevance to the present study, CVS treatment during adolescence has been shown to modify subsequent response to various drugs of abuse during adulthood. For example, studies conducted with adolescent rats have indicated that CVS exposure can inhibit sensitization to the behavioral effects of repeated amphetamine administration (Kabbaj et al., 2002) and also increase the magnitude of cocaine-induced locomotor activity (Lepsch et al., 2005) . However, to our knowledge, the effects of CVS treatment administered either during the adolescent period or during adulthood on ethanol intake has not been reported. While results from Experiment 3 represent novel data relating exposure to CVS during adolescence on voluntary ethanol intake later in life, the question still remains as to whether the effects of CVS on ethanol drinking are specific to the adolescent period.
In Experiment 3, there was no evidence of an additive or synergistic effect of chronic social isolation and CVS on voluntary ethanol intake. It is possible that the method used to evaluate ethanol intake did not allow for this to be observed due to a possible ceiling effect. The level of intake reached by subjects that experienced either CVS or chronic isolation is similar to the level of intake reported in prior studies that evaluated voluntary ethanol intake in ethanol-dependent mice using this same limited access procedure (Becker and Lopez, 2004; Griffin et al., 2009 ). Nevertheless, use of a different ethanol concentration or a different method of assessment (e.g., operant self-administration) might unveil a potential interactive effect of combining these stressors during early development.
Sex differences in ethanol consumption were noted in each of the present experiments, with female mice drinking significantly more ethanol than males. This effect was most apparent when ethanol intake was expressed as a function of body weight, primarily due to the significantly lower body weight of female mice (male and female mice did not differ in the volume of ethanol intake in these experiments). Similar sex-related differences in ethanol consumption have been demonstrated in studies using mice (i.e., Lopez and Becker, 2003; . Finally, while there were some sex differences across treatment conditions in the present study, overall chronic social isolation and/or CVS during early development produced a similar increase in ethanol intake during adulthood in males and females.
In summary, these results indicate that mice that experience chronic social isolation early in development, as opposed to during adulthood, show a significant increase in voluntary ethanol intake during adulthood. In addition, repeated exposure to unpredictable variable stress during adolescence also results in heightened voluntary ethanol intake. Based on published evidence related to early stress experience and ethanol intake it can be argued that chronic stress experiences have long lasting effects on behavioral and biological response to stress which in turn may favor higher ethanol intake. Future studies will evaluate mechanisms by which chronic stress exposure in young vs. adult mice contribute/drive increased voluntary ethanol consumption. Daily voluntary ethanol intake (g/kg) in (A) male and (B) female mice that were isolatehoused or group-housed for 40 days after weaning. Values are mean ± SEM. * indicates a significant difference between housing conditions for a particular measurement day (p<0.05). Daily voluntary ethanol intake (g/kg) in (A) male and (B) female mice that were grouphoused or isolate-housed (for 40 days starting at postnatal day 60). Values are mean ± SEM. * indicates a significant difference between housing conditions (p<0.05). Daily voluntary ethanol intake (g/kg) in male and female mice that were isolate-or grouphoused at weaning. Half of the animals from each housing condition were also exposed to chronic variable stress (CVS) during adolescence (postnatal days 32 to 45), while the remaining animals received no stress (NS). Values are mean ± SEM. * indicates significant difference between group-housed and isolated controls (p<0.05) # indicates significant difference between CVS mice and controls mice (p< 0.05) † indicates significant difference between isolate-housed CVS mice and group-housed controls (p<0.05)
